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SUMMARY AND CONCLUSIONS 
Uniformity data from three fields of Fischer bromegrass, 
one planted in rows 3% feet apart and the others broadcast, were 
analyzed to obtain estimates of optimum size and shape of plot 
for use in field experimentation. Forage yields were taken on 
1,296 unit plots, 3% X 4 feet, in each field and added together 
in various combinations to give different sizes and shapes of 
plots. Comparable variances and variances per basic unit for 
each plot size were then obtained by dividing between-plot vari-
ances by the number of units per plot and the square of the 
number of units per plot, respectively. . 
Dry matter percentages of samples ranged from 35.2 to 40.6 
percent in the row-planting and from 32.8 to 41.5 percent in the 
broadcast planting in 1950. Means were 37.6 and 38.0 percent, 
respectively. Analyses of variance indieated that differences in 
dry matter percentages due to location within fields were not 
significant. 
Efficiencies of the various plot sizes relative to the plot size 
having the smallest variance were studied and none was found 
to be more efficient than the basic plot in any field. Efficiency 
generally decreased rapidly as plot size was increased. 
Regression of the logarithm of variance of yield per basic 
. unit on logarithm of plot size was 0.28 for the 1950 row planting, 
0.45 for the 1950 broadcast planting and 0.53 for the 1951 broad-
cast planting. The average regression coefficient for the three 
fields, 0.42, was used to estimate optimum plot size. Cost factors 
used were ](1, the percentage of total cost proportional to num-
ber of plots per treatment and 1[2, percentage of total cost pro-
protional to total area per treatment. They were estimated as 
72 and 28 percent, respectively. Optimum plot size was esti-
mated to be approximately 1.86 basic units or 3% X 7% feet. 
Relative differences in plot variances due to plot shape varied 
from field to field. because of variation in the magnitude and 
direction of the fertility gradient. Plots long in the direction of 
the fertility gradient gave the smallest estimates of variance in 
each field, while plots more nearly square gave larger estimates 
of variance. 
Use of incomplete block designs consisting of 36, 81 and 324 
entries all resulted in increased precision, as compared with 
randomized complete blocks. Gains ranged from 13.8 to 118.6 
percent for the row planting and from 8.5 to 30.4 percent for 
the broadcast plantings. Utilization of Smith's formula for 
estimating relative efficiency of block sizes gave gains in effi-
ciency of smaller blocks ranging from 36.9 to 38.7 percent for 
the row planting and from 15.1 to 23.9 percent for the broad-
cast plantings. 
Estimations of Optimum Plot Size 
Using Data from Bromegrass 
Uniformity Trials 1 
By C. E. WASSOM and R. R. KALTON' 
INTRODUCTION 
Uniformity trials or "blank" experiments have been con-
ducted with many different crops during the last 30 to 40 years 
and the data used for various purposes. One of the first uses was 
to construct maps for studying soil heterogeneity. These studies 
indicated soil could vary considerably even in areas of apparent 
uniformity. They also showed fertility was not distributed at 
random, and adjacent plots were more nearly alike on the aver-
age than those which were farther apart. A second use of uni-
formity data was for adjusting yields of subsequent experiments 
on the same plots in an attempt to increase precision. This pro-
cedure proved to be relatively ineffective and involved consider-
able time and expense. :More recently, data from uniformity 
trials have been used to investigate size and shape of experi-
mental plots and to study relative efficiencies of experimental 
designs. They have also been of value in planning plot layouts 
for long-term experiments such as rotation studies. 
The present investigation was concerned primarily with 
utilization of bromegrass uniformity data for estimations of 
optimum size and shapo of plot. 
In certain crops, such as corn and small grains, plot sizes 
and shapes have become relatively standardized. There has been 
no such standardization in forage crops, despite the increase in 
forage research the past 10 to 15 years. A wide variety of sizes 
and shapes is used at present with most forage crops-the choice 
being more or less arbitrary due to lack of information. Size of 
plots used depends partially on amount of seed and land avail-
able, equipment on hand for culturc and extent of funds for 
carrying out this work. These factors, in addition to soil hetero-
geneity, must be considered by the breeder or pasture spccialist 
in determining an efficient size and shape of plot. 
t Project 1178 of the Iowa Agricultural Experiment Station. Part of the 
data presented was used by the senior author in a thesis submitted to the 
graduate faculty of Iowa State College in partial fulfillment of the require-
ments for the M. S. degree. 'rhe authors are grateful to Professor Oscar 
Kempthorne for helpful suggestions and criticisms during the preparation 
of this manuscript. 
• Research Associate and Associate Professor. respectively. Iowa Agri-
cultural Experiment Station. 
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In the present study uniformity data were obtained from 
three fields of bromegrass--two sown broadcast and one sown 
in rows. Data from each field were analyzed to obtain a measure 
of soil heterogeneity which was used with estimated cost factors 
as a means of estimating optimum plot .size. In addition, incom-
plete block designs were superimposed on the data to estimate 
precision of these designs in relation to randomized complete 
blocks. 
PERTINENT LITERATURE 
Many investigations on size and shape of plot have been 
conducted with different crops, but little information is available 
on forage crops. This review will consider only those papers 
which may have application to forage crops or to methods used 
in this study. 
Cochran (8) compiled a catalog of uniformity trials con-
ducted before 1937. The catalog included information on the 
crops studied, plot size, number of plots and the investigator 
who did the work. Other sources of bibliographies which citc 
numerous uniformity trials may be found in a series of papers 
prepared by an American Society of Agronomy committee (1, 
2, 3, 4 and 5) on the Standardization of Field ExpC1·iments. 
Several early investigators showed there was generally a 
correlation between yields of adjacent plots in field trials. In an 
experiment using oat hay and grain yields Garber, :McIlvaine 
and Hoover (10) found a correlation of 0.542 and 0.516, respect-
ively, between contiguous plots. Correlation between replicated 
plots was essentially zero, showing that replication was effective 
in equalizing yield differences due to soil heterogeneity. 
Christidis (7) suggested that'long narrow plots would con-
trol soil heterogeneity better than square plots having the same 
area. He discussed data from six uniformity trials conducted by 
other investigators and concluded that uniformity among plots 
was the' most important factor in agricultural experiments. 
Goulden (11) analyzed yields from wheat plots 1/500 of an 
acre. From this analysis he concluded that long narrow plots 
were superior to nearly square ones and that they should be 
long in the direction of greater variability. 
Many of the data gathered in the past were analyzed by 
studying probable error, standard deviation, or coefficient of 
variability in relation to plot size. One general practiee was to 
plot the coefficient of variability as the dependent variable and 
plot size as the indepcndent variable. The region of maximum 
curvature or the "break" was assumed to represent the optimum 
plot size. Frankena (9) used this method to estimate optimum 
plot size in pasture experiments. He lound a decrease in mean 
error with an increase in plot size but concluded that it was 
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better to use many small plots rather than a few larger ones, 
keeping the whole area smaller. However, as Smith (16) pointed 
out, this method may give a biased answer because the region 
of maximum curvature is dependent upon the scale of coordi-
nates used in plotting the observations. 
Keller (13) investigated size and shape of experimental plot 
in hops, using a basic plot of 1 hill, and harvesting 750 such 
plots spaced at 8-foot intervals within rows 8 feet apart. In 
estimating the most efficient size and shape of plot, the variance 
between basic (single-hill) plots was assumed to give 100 per-
cent relative information. Between-plot variance for each of 
several sizes and shapes of plots was divided by number of basic 
units per plot so the variance would be comparable with that 
of the individual hill plot. Keller selected the 5-hill plot as the 
most desirable because the mean decrease in relative information 
was less noticeable as plot size increased beyond 5 hills. It was 
pointed out that for a large number of entries there would be 
a considerable difference in cost of collecting data from 5-hill 
plots as compared with 6-hill plots. In a similar study with 
peanuts, Bancroft, Wilson and 'Wilson (6) found the unit plot, 
3 X 16% feet, most efficient. There was little loss in efficiency 
for plots one row (3 feet) wide and two units long. Hence, they 
suggested that plots longer than one unit might be preferred 
because of such considerations as uneven stand. For plots longer 
than 33lk feet and wider than 3 feet, there "Was generally a 
considerable decrease in efficiency. 
Smith (16), using data from a uniformity trial with wheat, 
proposed a new method of determining optimum plot size. He 
harvested a total of 1080 plots, each 1h X 1 foot. A measure of 
soil heterogeneity was obtained by computing the regression of 
the logarithm of the variance per basic unit on the logarithm 
of plot size. Using the regression coefficient, b, and considering 
cost estimates, he developed a formula for estimating optimum 
plot size expressed in terms of the basic unit. He found optimum 
plot size to be 5 square feet for the wheat data. There was littl~ 
or no consistent effect of shape of plot on variance. Estimations 
of b for a series of trials with other crops also were made using 
data obtained by other investigators. 
Robinson, Rigney and Harvey (15) studied plot size and 
shape with peanuts using the method proposed by Smith. Over 
a 2-yearperiod, data were obtained from 576 plots in row units 
3 feet wide and 121h feet long. They found long narrow plots 
to be more effective than wide ones and optimum plot size was 
estimated to be 3.2 units. They also studied the decrease in 
coefficient of variation that occurred with an increase in plot 
size. Their study differed from others in the past in that they 
considered relative cost of attaining a desired degree of ac-
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curacy. Using this method, they found optimum plot size to 
range from 2 to 10 basic units when cost proportional to total 
area per treatment was low (20 percent). As this cost increased, 
smaller plots became more efficient. 
A method of estimating optimum plot size from data gathered 
in field trials was proposed by Koch u;nd Rigney (14). This pro· 
eedure utilizes the scheme outlined by Smith (16) and involves 
the simulation of uniformity data from analyses of incomplete 
block or split-plot experiments. The main difference between 
data f'rom a split-plot or lattice experiment and a uniformity 
trial is thc presence of treatment effects. From the analyses of 
split-plot or latticc design experiments, variance components 
were calculated which were considered comparable to variance 
components estimated from analyses of simulated designs im-
posed on uniformity data. These variance components were used 
to estimate the regression of log plot variance on log plot size 
for several tobacco and cotton experiments. The average regres-
sion was 0.55 for 15 tobacco experiments and 0.49 for 10 cotton 
experiments. 
Several comparisons have been made of' the efficiency of 
incomplete blocks relative to randomized complete block designs. 
Zuber (17) imposed incomplete block designs on corn uniformity 
data on yields from 3,584 plots, each measuring 2 hills wide by 
5 hills long. The average of all incomplete block designs com-
puted without recovery of inter-block information showed a 
gain in precision of 25 perccnt over the randomized complete 
block An average gain of 36 percent was obtained when the 
same designs were computed with recovery of inter-block infor-
mation. Study of the shape of incomplete blocks indicated that 
as blocks were made more compact the design became more ef-
ficient. Johnson and Murphy (12) in a study of oat uniformity 
data reported gains in precision of 55 to 124 percent for lattice 
and lattice square designs in comparison with randomized com-
plete blocks. Relative precisions of lattice squares were greater 
than those for triple lattices, and triple lattices were slightly 
more precise than simple lattices. In a similar study with pea-
nuts, Robinson, Rigney and Harvey (15) found little gain in 
precision with incomplete block designs of' 16 entries and small 
plots. Gains tended to be greater as plot size and number of 
entries were increased. Keller (13) also made a comparison of 
the relative efficiency of incomplete block designs in his study 
of hop uniformity data. Results indicated that for a small num-
ber of entries the randomized complete block design may be 
as efficient as incomplete block designs. As the number of entries 
within a trial increased above 25, however, the incomplete block 
designs resulted in greater efficiency. Gains in precision up to 
about 42 percent were obtained with designs containing 36, 49 
and 64 entries. 
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MATERIALS AND METHODS 
Data used in this study were obtained from three different 
fields. In the spring of 1949, one was seeded with brome in rows 
3% feet apart at the rate of about 12 pounds per acre at the 
Agronomy Farm, Ames, Iowa. Data were obtained from the 
second year's growth in the summer of 1950. The second field 
was a broadcast planting located at the Swine Breeding Farm 
which had been down lor about 3 yeaI's. Data also were obtained 
from this field in 1950. The third field consisted of a broadcast 
mixture of brome and alfalfa in about equal proportions. It 
was seeded in 1946 at the Agronomy Farm and harvested for 
the present study in 1951. Stands in all fields appeared uniform. 
In each field a total area of 126 X 168 feet was harvested 
in unit plots of 3V2 X 4 feet. Thirty-six plots were harvested 
in each direction, making It total of 1,296 plots. :B'or clarity 
in discussing the results, plots extending from north to south 
are referrcd to as rows and those from west to east as ranges. 
Plots were cut uniformly to a. height of approximately 2 inches 
and forage yield was recorded in pounds of green weight. The 
row planting was harvested July 6-7, 1950. '1'he broadcast plant-
ings were harvested July 11-]2, 1950 and .July 16-24, 1951. 
Prior to harvest, 3-foot alleyways were cut after every fourth 
range and across each end of the fields to facilitate mowing. 
Moisture samples were taken at 36 locations in each field in 1950 
and percentage of dry matter was determined for each sample. 
From the yield data, different combinations of unit plots in 
each field were added together to give plots of different sizes 
and shapes. Only those plot sizes which utilized 100 percent of 
the area in each field were used in the analyses. The between-plot 
variance, denoted as "Vl.X), for each plot size was then determined 
by dividing corrected sums of squares by the appropriate degrees 
of freedom. This variance was divided by the nnmber of basic 
units per plot to give a comparable variance which is designated 
as V. To obtain a measure of relative information, the compar-
able variances for all plot sizes were compared with the plot 
size having the smallest comparable variance. This method was 
used by Keller (13) in estimating optimum plot. size in a hop 
uniformity trial. 
The general procedure proposed by Smith (16) also wa::; 
used to obtain estimates of optimum plot size. He demonstrated 
that an empirical relationship between plot size and plot vari-
ance exists and is expressed by the equation: 
V = V1 
x xb 
Y., is variance of the yield per basic unit of plots containing x 
basic units, VI the variance of plots equal to the basic unit and 
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b a measure of soil heterogeneity and correlation among adjacent 
plots. In general, b varies between zero and unity. If it is equal 
to one, the units making up a plot are uncorrelated. If b is equal 
to zero, the units are perfectly correlated. The value of b varies 
from crop to crop and from year to year. 
For a given crop, on a given field, and a given harvest 1) 
will be constant regardless of size of basic plot used to compute 
it. When t.his equation is expressed in logarithms it becomes: 
log V., = log Y 1 - b log x 
from this, b can bc estimated as a linear regression coefficient. 
In the prescnt investigation, the between-plot variances, V (.'1'), 
were used to determine the variances of yield per basic unit 
111 Yw (3 72 X 4 feet). 'rhe variance of plots of size x units is X2 I 
because Y (.,,) is the variance of the total yield, 1}, of a plot size' x, 
and the variance of plots of size x pel' unit area is the variance 
f / h· h' V(X) Th' . d d V U' a 1} x, w IC IS x" IS quantity was en ate as x. smg 
these variances (y",) and the plot sizes (x), the regression coef-
ficient, b, was determined for each field. 
To use b for estimating optimum plot size it. was necessary 
to get two cost ractors, ][1 and 112, where 
and 
III = that part of total costs which is proportional to 
the numbcr of plots per treatment 
J[2 = that part of total cost which is proportional to 
the total area per treatment. 
'I'hese factors were estimated using data obtained from these 
and other experiments in forage crops. The optimum size of 
plot in number of basic units (3% X 4 feet) was estimated by 
substituting the calculated values of b, J(1 and 112 in the follow-
ing equation which was derived by Smith (16) : 
bK l 
x= (l-b)K2 
In another phase of the investigations, the preeisioil of in-
complete block designs relative to randomized complete blocks 
was determined using data from plots 3% X 8 feet in size. 
Simple lattice and triple lattice designs were superimposed upon 
the experimental areas with each area being divided into as 
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many replications as possible containing k blocks of k plots each. 
'1'he analysis of variance in each instance was: 
Total 
Replications 
Blocks 
Error 
d.f. Mean square 
rk 2 -1 
r-1 
r(k-1) 
rk(k-1) 
The total sum of squares and sum of squares for replications 
were determined in the usual manner. The sum of squares for 
blocks was obtained by squaring the block totals, dividing by 
k and subtracting the correction factor and the snm of squares 
for replications. 
Inter-block variance was denoted as Eb and the intra-block 
variance as Ee. The effective error terms were not computed in 
the same way as when actual varieties are included, because 
with uniformity data, Eb is fully efficient and inter-block val'i-
iance does not need to be adjusted for treatment effects. The 
formulae for obtaining effective error terms were 'Worked out 
by W. G. Cochran and given by .Johnson and Murphy (12) and 
hy Rohinson, Rigney and Harvey (15). They are as follows: 
Simple lattice: 
Ee[l+ k!l (~:~~:)J 
Triple lattice: 
E. [1 + k! 1 (~b1Ee) ] 
The precisions of incomplete block designs consisting of 36, 81 
and 324 entries were obtained by dividing the randomized com-
plete block error hy the effective error of the incomplete block 
designs. 
A comparison was made between these results and the effi-
ciency of blocks of various sizes as computed using a formula 
given by Smith (16). His formula for studying the relative 
efficiency of blocks of m plots relative to hlocks of n plots was 
as follows: 
(Vr) n n(m - 1)(1- n-b) 
(Vz)m = m(n- 1)(1- m-b ) 
This relationship is the same regardless of size of plot, and its 
utilization shows that in general there will be considerable gain 
in information from using smaller blocks except when b ap-
proaches unity. 
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EXPERIMENTAL RESULTS 
Results of these investigations will be presented and dis· 
cussed under four headings: percentage of dry matter, size of 
plot, shape of plots and incomplete block analyses. 
PERCENTAGE OF DRY MATTER 
Forage yields of aU plots were detcrmined on a green weight 
basis. To determine the effect of soil heterogeneity on percentage 
of dry matter, two moisture samples were taken from each of 
18 locations throughout each of the two fields harvested in 1950. 
Each location was 18 rows wide and 4 ranges deep. The loca-
tions were further divided so that each sample was drawn at. 
random from one of the nine rows in each half location. This 
method of sampling introduced a bias, but its effect was to 
increase the sampling error. There is, therefore, less chance of 
tests indicating significant differences if those differences do 
not exist. 
TABLE 1. ANALYSES OF VARIANCE OF PERCENTAGE OF DRY MATTER 
OBTAINED FROM MOISTURE SAMPLES OF THE ROW AND THE 
BROADCAST PLANTINGS IN 1950. 
Source of variation 
TotaL ..................................................... . 
Location •....................................•.....•..... 
Horizontal ___ ...... _ ....................•........ 
Vertical. .•... _ ......................................•. 
Horizontal" VerticaL .•.................... 
Within LocationB. __ ...... _ ...................... . 
d.t. 
35 
17 
18 
8 
1 
8 
Mean square 
Row 
planting 
1.29 
1.39 
0.09 
1.35 
1.98 
Broadcast 
planting 
2.99 
2.87 
4.34 
2.94 
3.42 
An analysis of variance of the percentage of dry matter for 
each field is presented in table 1. There were no significant dif-
f'erences duet!). soil heterogeneity in either field. For this rea-
son, all furthe~analyses auli results are reported on a green 
weight basis. The r~nge in percentage of dry' matter for the row 
planting in 1950 was- 35.2 to 40.6 percent with a mean of 37.6 
percent. For the broadcast planting in 1950, the range was 32.8 
to 41.5 percent with a mean of 38.0 percent. No moisture samples 
were taken in 1951. 
SIZE OF PLOT 
Yield data from the basic plots were added together in 
various combinations to give different sizes and shapes of plots. 
Data from the unit plots are presented in Appendix tables 7, 
8 and 9. In all, there were 23 different plot sizes and shapes 
TABLE 2. VARIANCE OF YIELD PER BASIC UNIT, COMPARABLE VARIANCE AND RELATIVE INFORMATION FOR PLOTS 
OF V AUIOUS SIZES AND SHAPES IN ROW AND BROADCAST FIELDS OF BROMEGRASS IN 1950 
AND BROADCAST FIELD OF BROMEGRAS8-ALFALFA IN 1951. 
--- -
Size Row planting, 1950 Broadcast field, 1l?50 Broadcast field, 1951 (no. of Shape Number 
basic (row by of plots Variance of Relative Variance of Relative Variance of Relative 
units) range) 
" 
yield per Comparable infor- yield per Comparable infor- yield por Comparable infor-
basic unit variance matian basic unit variance mation basic unit variance mation 
x (Vx) (V) (%) (Vx) (V) (%) (Vx) (V) (%) 
1 1 x 1 1296 .2409 .2409 100.0 .8606 .8606 100.0 .4490 .4490 100.0 
2 1 x 2 648 .1852 .3704 65.0 .6016 1.2032 71.5 .2439 .4878 92.0 
2 2x 1 648 .1936 .3871 62.2 .6083 1.2165 70.7 .3061 .6122 73.3 
4 1 x 4 324 .1429 .5717 42.1 .4289 1. 7157 50.2 .1536 .6143 73.1 
4 4 x 1 324 .1601 .6767 35.6 .4207 1.6826 51.1 .2214 .8860 50.7 
4 2 x 2 324 .1592 .6366 37.8 .4618 1.8472 46.6 .1743 .6973 64.4 
8 2 x 4 162 .1291 1.0325 23.3 .3778 3.0220 28.5 .1194 .9555 47.0 
8 4 x 2 162 .1446 1.1565 20.8 .3328 2.6627 32.3 .1341 1.0729 41.8 
12 1 x 12 108 .0842 1.0109 23.8 .2861 3.4331 25.1 .0705 .8461 53.1 
12 12 x 1 108 .1390 1.6685 14.4 .2268 2.7220 31.6 .1465 1. 7578 25.5 
12 3 x 4 108 .1253 1.5036 16.0 .3362 4.0338 21.3 .1088 1.3060 34.4 
16 4 x 4 81 .1216 1.9455 12.4 .2861 4.5777 18.8 .0955 1.5288 29.4 
18 1 x 18 72 .0907 1.6322 14.8 .2077 3.7377 23.0 .0659 1.1867 37.8 
18 18 x 1 72 .1342 2.4151 10.0 .1776 3.1968 26.9 .1335 2.4033 18.7 
24 2" 12 54 .0777 1.8643 12.9 .2483 5.9600 14.4 .0551 1.3215 34.0 
24 12 x 2 54 .1219 '2.9256 8.2 .1935 4.6445 18.5 .0881 2.1138 21.2 
24 4 x 6 54 .1228 2.9474 8.2 .2430 5.8310 14.8 .0516 1.2379 36.3 
24 6 x 4 54 .1147 2.7520 8.8 .2706 6,4952 13.2 .0826 1.9834 22.6 
36 1" 36 36 .0242 .8726 27.6 .1590 .S.7230 15.0 .0515 1.8542 24.2 
36 36" 1 36 .1032 3.7144 6.5 .0889 3.1988 26.9 .1033 3.7194 12.1 
36 2 x 18 36 .0868 3.1240 7.7 .IS01 6.4831 13.3 .0521 1.8751 23.9 
36 18 x 2 36 .1186 4.2699 5.6 .1542 5.5503 15.5 .0827 2.9763 15.1 
36 6 x 6 36 .1183 4.2597 5.6 .2352 8.4673 10.2 .0405 1.4587 30.8 
-- --- -- ----- -- - --
CA:l 
o 
01 
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which utilized 100 percent of the area harvested. These plots 
were within the range used in forage breeding. The between-
plot variance was computed for each plot size. These variances 
were then divided by the number of basic units per plot to give 
comparable variances, and by the square of the number of 
llnits per plot to give the variance of yield per basic unit. The 
plot sizes, their comparable variances and variances of yield per 
basic unit, and the relative information for all fields are re-
corded in table 2 . 
. The comparable variances were used to compute the per-
centage of information of each plot size relative to the smallest 
plot size, which was assumed to give 100 percent relative infor-
mation. In most instances, comparable variance increased and 
relative information decreased with increases in plot size. For 
all fields the data indicated that the basic plots had the· greatest 
efficiency and gave the most information. 
The variances of 
yield per unit area, 
V Ql', 'Were used in com- 2.6 1950 ROW PLANTING • 
puting the regression 2.4 1950 BROADCAST PLANTING _._._._._. 
of the logarithm of 1951 BROADCAST PLANTING __________ & 
V Ql' on the logarithm 2.2 
of plot size, x. Regres- 2.0 
sion coefficients for 
the row and broad-
cast plantings in 1950 
and the broadcast 
planting in 1951 were 
0.28, 0.45 and 0.53, 1.2 
respectively. The 
broadcast plantings 1.0 
appeared to be less 
uniform than the row 
planting. This was 
supported by the low-
.8 
.6 
.4 
er regression coeffi-
cient obtained from 
the latter. The aver-
.2 
.2 .4 .6 .8 1.0 1.2 1.4 1.6 
LOG I 
1.8. 2.0 age regression for the 
three fields was 0.42. 
Figure 1 shows the 
regression for each 
field based on the 
Fig. 1. Regression of the logarithm of the 
variance of yield per basic unit on logarithm of 
size of plot. 
variances for the different plot sizes in logarithmic form. 
Before the optimum plot size could be determined, it was 
necessary to estimate two factors, [[1 and 1(2' Information from 
this and other investigations was used to estimate the propor-
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tionate cost in man hours for each operation performed in 
carrying out an experiment comparable to· the present one in 
total number and size of plots in bromegrass research. The per-
centage of total cost for each operation was then determined. 
These values arc presented in table 3. These cost factors hold 
TABLE 3. THE ESTI11ATE OF KI, COST I'ROPORTIONAL TO NUMBER OF 
PLOTS PER TREATMENT, AND K" COST PROPORTIONAL TO TOTAL 
AREA PER THEATl\IENT (TWO CUTTINGS PER SEASON). 
Operation Cost in Percent of 
man hours total cost 
KI (% of K, (% of 
total cost) total cost) 
Seed preparation ... __ ............................. 7., 12 8 4 
5 0 
1 3 
7 3 
Planting plan........................................ 32 5 
Land preparation.................................. 24 4 
Planting ................................. _............... 60 10 
Notes...................................................... 144 24 17 7 
Harvesting. __ ......................................... 168 27 18 !J 
Statistical analysis................................ 112 18 10 2 
----~-I--------I--------I-------
TotaL .. _............................. 615 100 72 28 
only for the size and number of basic units in this investigation. 
'J'he next step was to estimate what part of each operational 
cost was proportional to number of plots per treatment and 
what part was proportional to total area pCI' treatment. For 
example, seed preparation (threshing, cleaning, weighing and 
packeting) made up approximately 12 percent of the total cost 
and it was estimated that about % 01' 33 percent of this cost 
was proportional to total area per treatment. The part of total 
cost proportional to the total area per treatment for this oper-
ation, therefore, was four percent. In the case of cost of prc-
pa1'ing thc planting plan, the part of total cost required for the 
operation was five pcrcent. However, for this operation the 
cost would be dependent entirely upon the number of plots pel' 
treatment. Thereforc, no part (0 percent) of this cost was pro-
portional to total arca per treatment. The cost factors were 
obtained by summing the proportionate costs of each operation. 
This gave an estimated ](1 of 72 percent and 11.2 of 28 percent. 
To estimate optimum plot size, the values, average b = 0.42, 
J{l = 0.72, and 1(2 = 0.28 were substituted in the following 
formula: 
bK1 
x= (1- b)K2 
\Vhen this was done, x was found to be 1.86 units or approxi-
mately 3% X 7% feet. Figure 2 illustrates thc optimum sizes of 
plots which 'would be obtained if other regression values and 
cost factors wcre used in the formula. As the regression coeffi-
cient, b, approaches one, estimated optimum plot size increases 
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for all values of ](2. However, even if the value of 1[2 is large, 
estimated optimum plot size still may b,e relatively small. For 
example, with 1(~ = 0.75 and b = 0.90, optimum plot size would 
be 3 units or approximately 3Y2 X 12 feet. A plot of this size 
is certainly feasible for forage experiments. 
SHAPE OF PLOT 
The effect of shape as well as size of plot must be considered 
in choosing the experimental unit. To determine whether or 
not there were any significant diffcrences in soil heterogeneity 
between rows and ranges in each field, two-tailed Ii' tests were 
made using comparable variances of 1 X 36 and 36 X 1 plots. 
These variances were given in table 2. Several other compari-
sons were also made to show the effect of shape of plot. The 
alleyways which were cut after every fourth range 'at the time 
of harvest have an 
undetermined effect 
on the variance where 
lengths of more than 
four plots are used. 
Another point which 
must be considered is 
that variances used 
14.---------------.---.-, .,------, 
13 K2' ,2~ ----
K2',50 -._._.-
12 K2' .75 -------------.. 
II 
10 
; 
i I ; : 
i I 
, f 
I I 
in making the Ii' tests "' 9 
are not independent. ~ 
This means the com- 5 8 
parisons are not quite ~ 7 
what they should be, ::J 
but illustrate thc ef- ~ 6 
0.. 
I I ; : 
, f 
! I 
I I 
• f I I 
, I ! f 
I I fccts of fertility grad- 0 5 icnts and of the vari-
ous shapes of plots. 
The Ii' values for 
the different compari-
sons appear in table 
4. The shape of the 
plot having the larger 
comparable variance 
and the shape of the 
plot having the small-
er comparable vari-
ance is given in each 
instance. The larger 
, I 
/ I 
I I 
K2',50! /. 
/' /K2' .75 
.. / ,/ 
~ ..... ' ... '" 
./ ,-' 
--_ . .",.'" -_ ... " 
4 
2 
O.L-~~_~_L~-~~~~~~~ 
o .1 .2 .3 .4 .5 _6 .7 .8 .9 1.0 
b VALUE 
Fig. 2. The effect of soil heterogeneity (b) 
and the part of total cost proportional to total 
area per treatment (K.) on optimum plot size 
In basic units. 
variance was divided by the smaller variance to obtain the Ii' 
value. For the row planting, the 36 X 1 and 1X 36 comparison 
gave an Ii' value of 4.26 which was significant at the two percent 
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TABLE 4. SUMMARY OF F VALUES FOR PLOTS OF APPROXIMATELY EQUAL 
SIZE, OBTAINED BY DIVIDING THE LARGER VARIANCE 
BY THE SMALLER VARIANCE. 
ROW PLANTING, 1950 COMPARISONS 
Large v· ...... · .. ······················136Xl I 6x6 I 6x6 t 2x2 I 2x2 Small V. __ ........................... lx36 lx36 36xl lx4 4xl 
F value................................ 4.26t 4.88t 1.14 1.11 1.06 
BIWADCAST FIELD, 1950 COMPARISONfl 
Large v· ........ ·· .. · .................. IIX36 I 6x6 I Gx6 I 2x2 I 2x2 Small V................................ 36xl lx36 36xl lx4 4xl 
F value................................ 1.78* 1.48 2.65t 1.08 1.09 
BROADCAST FIELD, 1951 COMPARISONS 
Large V· .. __ ........ · ................ 136Xl 1 1X36 I 36xl I 2x2 I 4xl I Small V ... _........................... h3G 6x6 6x6 lx4 2x2 
F value ................................ 2.01* 1.27 2.55t 1.14 1.27* 
*Significant at the 10% level (two-tailed F test). 
tSignifieant at the 2% level (two-tailed F test). 
4xl 
I 
2xl 
lx4 lx2 
1.18 1.05 
lx4 2xl 
4xl lx2 
1.02 1.01 
4xl I 
2xl 
1x4 lx2 
1.44t 1.26t 
level. The F value for the same shape comparisons in the two 
broadcast plantings were 1.78 and 2.01, which were significant 
at the 10 percent level. Direction of greater variability, however, 
was not the same in the two fields. In the broadcast plantings, 
differences between variances of the 6 X 6 and the 36 X 1 plot 
wcre significant at the two percent level. In the row planting 
t.he 6 X 6 and 1 X 36 comparison also was significant. These 
results indicate that the direction and magnitude of the fer-
tility gradient differed from field to field. 
Observation of the variances in t.able 2 also reveals infor-
mation on the effects of plot shape. In the row planting of 1950 
the nearly square plots four or twelve units in size had vari-
ances intermediate between those of the comparable long, nar-
row plots. Similar results were obtained in the broadcast plant-
ing of 1951. In the broadcast planting of 1950, the more nearly 
square plots consistently had larger variances than long, nar-
roW plots of comparable size. Generally, in all fields the smaller 
variances for any size of plot were noted when the plot was 
long in the direction of the fertility gradient. 
INCOMPLETE BLOCK ANALYSES 
In addition to information on size and shape of plot, the 
data obtained from each field also were used to determine the 
efficieney of several incomplete block designs. On the basis of 
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previous analyses, the estimated optimum plot size (3lh X 8 
feet) was used for this purpose. Precisions of simple lattice 
and triple lattice dcsignR relative to randomized complete blocks 
were computed, using 36, 81 and 324 entries, and are found in 
table 5. Gains in precision ranged from 13.8 percent to 118.6 
TABLE 5. PltECISION OF SIMPLE AND TRIPLB LATTICE DESIGNS 
RELATIVE TO RANDOMIZED COl\IPLETE BLOCKS FOR 
3% X 8-FOOT PLOTS. 
Number of Repli- DIock 
Relative precision (%) 
Type of design rcplicationR cation shape Broadcast 
shape Row 
1950 1950 1951 
6xO .imp. lat. 18 21x48 2lx8 158.5 108.5 119.5 
6x6 sirup. lat. 18 42x24 21x8 113.8 115.2 121.8 
6x6 trip. lat. IS 21x48 21x8 164.5 110.1 122.3 
6.6 trip. lat. 18 42x24 21x8 116.0 117.0 124.9 
9x9 simp. lat. 6* 31%x84 31%x8 150.5 113.6 121.1 
9x9 trip. lat. 0* 31%x84 31%x8 154.9 115.5 123.0 
18x18 simp. lat. 2 63x168 63.8 218.6 110.7 120.7 
18.18 simp. lat. 2 126x84 63x8 163.9 113.1 130.4 
18d8 simp. lat. 2 63x168 314x16 213.5 126.1 120.7 
*Part of the data from each harvested area was not used for these designs. 
percent for the row planting and 8.5 percent to 30.4 percent 
for the broadcast plantings. Gains were greater for the more 
nniform, row planted area and generally became greater as 
number of entries inereaRed. Effects of shape of replication in 
the row-planted field upon gains in precision were quite pro-
nounced. In the 6 X 6 lattices, replications that were more 
nearly square gave gains of 13.8 and 16.0 percent, as compared 
with gains of 58.5 and 64.5 percent when they were long and 
narrow. Gains in precision for the broadcast plantings were not 
as large. For a given block shape, the gain in precision became 
slightly greater as the replication shape was made more nearly 
square. Gains of triple lattice designs were slightly greater than 
those of simple lattices when replication shape was held constant. 
The efficiencies of different block sizes also were computed 
using a formula derived by Smith (16). '1'0 facilitate making 
comparisons between his method and the precisions of incom-
plete block designs, effieieneies of blocks of 6 plots relative to 
blocks of 36 plots, 9 to 81, and 18 to 324 were computed. These 
efficiencies appear in table 6. Here again the soil which produced 
the more uniform forage yields gave g-reatel' gains in efficiency. 
]'01' the row planting, the precision of the incomplete block 
analyses increased considerably us the number of entries in-
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TABLE 6. RELATIVE EFFICIENCY OF DIFFERENT BLOCK SIZES AND TIlE 
AVERAGE PRECISION OF 1'HE CORRESPONDING BLOCK SIZES 
OB1'AINED IN THE INCOMPLETE BLOCK ANALYSES. 
Row Broadcast 
Comparisons 1950 
(%) 1950 1951 
(%) (%) 
Blocks of 6 relative to 36 plots 137.7 123.9 119.3 
A verago precision of 6 x 6 lattices 137.1 112.8 122.1 
Blocks of 9 relative to 81 plots 138.7 123.5 118.1 
Average precision of 9 x 9 lattices 152.7 114.6 122.4 
Blocks of 18 relaUve to 324 plots 136.9 120.5 115.1 
Average precision of 18 x 18 lattices 198.7 116.6 127.9 
creased, while the efficiency calculated using Smith's method 
remained relatively constant. In the broadcast plantings the 
average precisions of the incomplete block analyses were not 
greatly different from the calculated efficiencies. 
DISGUSSION 
Field experiments in crop breeding generally are conducted 
to determine varietal or treatment differences and to study 
breeding behavior of selected plants or lines. The accuracy of 
such expcriments is influenccd by soil heterogeneity, since the 
coefficient of variation tends to incrcase as the soil becomes 
more heterogeneous. By means of an analysis of variance the 
variability componcnts in an experiment can be determined, but 
it is also important that thc breeder know what size and shape 
of plot is best for estimating variances. In forage breeding, as 
well as in the brceding of other crops, the amount of land and 
seed available limits the number of entries and the total area 
that can be planted pel' variety or treatment in any given 
experiment. In perennial crops such as bromcgrass, the experi-
ment usually remains in the same location for a period of years. 
This means that differences in soil heterogeneity, border effects, 
ete., will tend to persist and their influence on varietal perform-
ance cannot bc overcome from year to year by a ehange in 
design or re-randomization. In addition, missing plots or uneven 
stands may occur from· year to year due to winterldlling and 
other causes. It is generally more difficult to get sufficient 
quantities of good seed when crossing' and inbreeding lines of 
forage crops than with other crops. All these factors emphasize 
the importance of size of plot and of experimental design. 
. In the past, relatively large plots have generally been used 
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in forage experiments. By using smaller plots and more repli-
cations, increased numbers of varieties and experimental selec-
tions could be test('d and greater progress might be made in 
bromegrass improvement. Smaller plots also would have the 
advantage of providing greater sensitivity than larger plots in 
the same total area. The size of the basic plot in the present 
investigation was chosen because it was about the smallest 
practicable plot that could be used in bromegrass experimental 
studies. It is comparable to the spread attained by spaced plants 
in the second year following establishment. The unit plot also 
is approximately equal in area to that commonly harvested from 
rod-row plots of small grains. 
Two methods were used to estimate the most efficient or 
optimum plot size in this investigation. 'l'he first was a measure 
of the relative efficiency of different plot sizes for estimating 
variance. Using comparable variances, this analysis revealed 
which of the plot sizes studied was most efficient. In all fields, 
the 3112 X 4-foot plot gave the greatest relative information. 
'1'he second method, which utilizes the regression of the logarithm 
of the variance of the yield per basic unit on the logarithm of 
plot size, gives an estimate of optimum plot size. A low regression 
coefficient, from 0.0 up to about 0.5 indicates relatively uniform 
soil productivity. Absolute uniformity or complete correlation 
of yields between adjacent plots is never attained, but as the 
soil approaches this condition, that is, as b approaches zero, the 
optimum size becomes smaller. Cost factors are also used in 
Smith's formula for estimating optimum plot size. In the pres-
ent investigation the estimate of 1[2 might possibly have been 
low, but it was pointed ant that as 1(2 increases, the estimate of 
optimum plot size becomes smaller. Therefore, a low estimate 
would be a conservative one. Estimated optimum plot size l1sin~ 
this procedure was 1.86 basic units or approximately 3% X 7% 
feet. 
Considerations of the best shape of plot, block or replication 
to use in an experiment are partially dependent upon the pres-
ence of fertility gradients in a field. In general one has no 
information regarding such gradients before an experiment is 
carricd out. Therefore, no one shape of plot can be recommended 
as the best shape. The one generally choscn is selected because 
it is best suited to equipment and techniques used in caring for 
and harvesting an experiment. In the present study, the plots 
long in the direction of the fertility gradient had smaller vari-
ances than the more nearly square plots of comparable size. 
Border effect is another factor which merits consideration 
in any discussion of plot size and shape. In a rhizomatous 
species such as smooth bromegrass, this factor would affect the 
experimental accuracy of small plots more than that of large 
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plots. In the present investigation, estimates of optimum size 
of plot were made on the basis of harvested area. Consequently, 
it' border effeets were to be minimized, non-harvested areas 
would have to be added to the sides and ends of each plot. 
Such areas could be planted to the same entry or treatment, 
which is preferable, or to another forage species. This procedure 
would about double the size of a 3% X 8-foot plot if one-foot 
borders were added on all sides. The question then is, "What 
is the effect of using a plot size other than the estimated 
optimum ~" Smith (16) discussed this point and showed that 
plot size could vary from one quarter to four times the optimum 
with little effect on efficiency. It is possible, therefore, that marc 
would be gained by utilizing guard areas to· overcome border 
effects than would be lost by the resulting increase in plot size. 
Analyses of incomplete block designs indicated that increased 
precision may be expected by use of simple and triple lattice 
designs. It is questionable, however, whether the gains obtained 
in the broadcast plantings would be sufficient to justify the 
added expense involved. Since bromegrass experiments are left 
at the same location for several years following establishment, 
it is especially important to consider the design carefully. If 
there is a chance that many missing plots may occur due to 
winterkilling or other causes, it may be advantageous to use a 
randomized complete block design. 
TABLE 7. FORAGE YIELD PER BASIC PI,OT IN BROADCAST-PLANTING IN 1950 (GREEN WEIGHT IN POUNDS). 
---------
~-
Row NUMBER 
Range 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
----------------
---
------
--
---------
I 4.3 1.9 3.4 4.1 5.7 3.8 3.6 3.4 4.2 3.9 3.8 5.7 4.8 3.4 4.4 4.0 5.3 4.2 
2 3.7 4.1 3.0 3.7 3.3 2.9 4.8 3.6 4.7 4.3 5.2 3.6 3.5 4.8 3.8 4.1 ·5.3 4.1 
3 3.4 4.4 2.3 4.3 4.8 2.4 4.5 4.6 4.5 4.6 5.7 4.7 5.1 3.7 4.7 4.0 4.4 5.1 
4 4.0 5.2 3.4 3.6 3.8 4.7 4.8 4.6 4.4 3.2 4.6 5.8 5.2 5.2 4.9 4.4 4.3 5.1 
5 4.9 4.3 4.4 3.8 4.2 2.9 4.2 3.5 5.2 4.8 5.0 5.3 4.6 3.4 5.4 4.1 5.4 4.7 
6 4.0 4.7 4.6 3.7 4.9 3.3 4.4 4.5 5.0 2.!! 4.1 4.6. 3.7 2.6 5.0 3.2 3.7 4.9 
7 3.7 3.8 3.2 3.4 4.9 2.8 3.8 4.3 4.9 3.9 4.3 4.8 3.0 2.2 3.5 3.3 3.3 5.8 
8 3.8 3.5 3.7 3.4 3.1 4.6 3.7 3.7 4.0 3.4 4.3 3.2 3.3 5.0 5.0 4.1 4.0 4.1 
9 3.7 4.7 3.!! 5.4 4.5 3.6 4.6 4.1 4.4 4.1 4.1 3.9 3.4 3.0 4.1 4.9 5.5 3.2 
10 4.6 4.0 3.7 3.3 3.6 4.9 3.0 4.6 4.3 4.9 4.6 3.9 3.7 4.6 3.9 4.7 3.9 3.7 
11 4.4 4.5 3.9 3.7 4.4 3.6 4.6 3.8 4.5 4.4 3.4 4.1 4.4 4.0 2.7 4.0 2.6 2.8 
12 3.9 3.9 6.7 4.3 5.9 4.4 3.3 3.5 3.8 3.0 4.8 4.8 4.9 3.0 3.8 4.1 3.8 4.1 
Vl 4.5 4.0 4.5 4.1 4.9 3.7 3.9 3.3 4.6 4.2 4.0 5.9 5.6 4.3 4.2 4.0 4.3 3.8 
14 3.8 3.9 3.4 4.2 4.7 3.6 3.2 3.5 4.7 2.9 5.2 3.9 5.1 5.4 2.8 3.7 3.5 2.6 
15 3.7 3.8 3.4 4.5 4.2 3.0 2.5 3.9 4.3 4.4 4.8 4.0 5.8 3.6 4.0 4.3 4.2 1.3 
16 4.4 5.2 4.2 3.2 5.2 3.8 4.1 3.4 3.5 4.3 2.7 4.2 3.7 2.5 3.8 4.3 2.7 1.7 
17 3.9 5.6 5.9 4.5 4.8 5.2 4.1 5.2 4.7 4.6 5.1 4.2 4.1 4.3 4.3 . 3.4 5.4 4.4 
18 3.1 4.8 4.9 5.4 6.9 4.9 4.7 4.5 4.6 4.4 4.9 4.1 4.1 4.1 3.2 4.0 2.0 3.2 
19 4.9 5.1 4.1 4.4 4.7 4.4 5.4 5.2 4.8 3.2 5.1 4.3 4.3 4.6 2.8 3.3 4.0 2.7 
20 4.0 4.4 4.9 4.9 5.9 4.6 4.6 5.7 5.6 4.5 5.1 4.3 4.7 4.4 2.6 4.2 3.2 3.1 
21 5.0 5.2 4.6 4.9 5.6 4.8 4.4 4.8 4.0 4.7 5.6 5.1 3.6 5.2 4.8 4.7 4.9 2.8 
22 5.1 4.6 4.2 4.9 5.0 4.!! 4.5 5.0 5.1 5.6 4.6 5.1 4.7 3.1 4.2 3.5 4.1 3.7 
23 3.5 4.2 4.2 5.5 5.4 4.6 5.0 4.6 5.5 3.1 4.9 3.7 4.2 4.1 3.8 4.7 4.3 4.7 
24 3.9 3.4 4.2 4.8 4.6 5.0 5.0 5.5 4.9 2.7 5.2 5.2 4.4 4.2 ~.6 4.5 5.0 3.8 
25 2.7 3.6 3.6 4.4 3.3 3.5 4.1 4.1 3.9 3.3 5.5 5.1 4.5 4.4 4.6 5.7 4.5 3.7 
26 4.5 4.7 4.8 3.6 4.5 4.4 4.6 3.5 3.4 4.0 5.3 5.8 4.6 3.5 4.6 4.7 5.0 4.3 
27 6.0 5.7 5.5 4.9 5.7 4.2 3.4 3.3 1.4 3.6 3.7 3.9 4.2 3.2 3.6 4.6 3.8 3.7 
28 5.2 5.1 3.8 4.5 4.7 2.9 3.6 2.0 3.5 4.2 4.0 5.4 6.2 5.1 3.9 3.6 4.8 4.2 
29 5.8 5.4 4.2 5.1 4.2 3.0 3.0 2.7 3.9 3.8 5.7 4.5 5.3 3.1 4.6 3.9 4.7 4.8 
30 5.2 4.9 5.2 4.7 4.9 3.3 4.2 3.3 4.2 4.4 4.4 5.0 5~ 1 3.4 3.5 3.5 5.0 6.2 
31 4.6 4.5 4.1 4.9 3.7 3.6 3.3 3.7 3.8 4.2 3.5 4.9 4.3 3.6 3.5 3.4 5.3 4.1 
32 3.5 4.3 4.5 5.0 5.0 4.9 3.9 3.2 3.7 4.4 4.2 4.9 5.0 3.9 4.6 4.1 4.5 5.1 
33 3.9 5.5 5.4 4.7 5.0 3.4 3.1 3.8 4.8 4.1 4.7 5.2 4.7 4.9 5.4 4.7 6.5 5.9 
34 4.9 4 • .2 3.6 3.9 3.6 3.5 4.6 4.5 4.5 4.0 5.4 3.5 4.6 5.6 4.5 3.9 5.7 6.1 
35 4.5 4.2 2.4 3.8 3.3 3.3 3.3 3.3 3.3 4.05 5.3 3.5 4.8 5.0 4.2 3.8 4.5 5.0 
36 5.5 5.1 5.5 5.0 4.6 4.0 4.4 5.0 4.6 5.2 4.0 4.6 4.0 4.4 4.8 5.1 4.7 5.4 
Tot,,! 154.5 160.4 151.3 156.5 167.5 140.4 146.2 145.2 155.2 145.7 166.8 164.7 161.2 144.8 148.1 148.5 158.1 148.1 
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TABLE 7. FORAGE YIELD PER BASIC PLOT IN BROADCAST-PLANTING IN 1950 (GREEN WEIGHT IN POUNDS). 
Row NUMBER 
Range ~I~ Total 20 21 24 25 26 27 28 29 30 31 32 33 34 35 36 
-----
1 4.3 5.1 5.1 3.6 3.3 4.2 4.2 3.8 5.4 5.6 6.0 4.3 3.8 5.0 4.8 4.0 5.9 155.2 
2 3.7 3.2 3.4 4.2 3.4 4.4 4.7 4.0 3.6 4.0 4.4 4.7 2.1 4.1 5.2 4.7 5.0 144.2 
3 3.3 4.4 2.4 4.2 5.6 4.3 4.0 4.9 3.5 2.5 3.5 4.7 3.6 4.2 5.2 5.0 4.0 149.3 
4 3.4 4.7 5.7 5.4 4.8 5.2 4.3 5.4 4.4 3.6 3.6 4.4 3.7 3.9 4.6 4.7 4.7 161.7 
5 4.5 3.9 4.0 3.8 4.0 2.5 3.8 3.7 3.4 3.6 4.5 3.5 4.1 4.1 4.9 4.1 5.0 150.1 
6 4.0 4.1 3.2 3.6 4.2 5.8 4.1 4.2 4.4 5.0 4.2 3.6 4.7 4.3 4.6 5.3 3.7 150.8 
7 3.3 4.7 2.9 3.6 4.4 4.5 4.3 3.6 4.4 3.2 3.6 4.3 3.2 4.7 5.8 5.2 4.5 141.6 
8 4.5 3.1 2.8 3.8 4.5 3.6 2.6 4.0 3.9 4.7 4.9 2.4 2.5 5.2 4.9 4.6 4.2 139.6 
9 3.5 2.8 5.1 4.2 4.7 5.1 3.0 2.9 3.1 4.3 5.3 3.1 5.4 4.0 3.3 5.2 5.0 148.1 
10 2.0 1.7 2.7 3.0 a.l 4.6 4.1 4.2 1.1 1.3 4.5 2.3 3.6 4.5 4.7 4.8 4.7 133.0 
11 3.0 1.7 3.7 2.3 2.5 4.4 4.5 2.5 1.7 0.7 3.0 3.7 3.1 5.2 4.5 4.1 4.0 126.9 
12 3.3 1.8 2.7 2.8 3.2 4.0 1.7 0.8 1.2 0.9 2.4 3.6 2.7 4.5 3.4 5.0 3.9 127.4 
13 2.5 2.7 2.2 2.5 3.9 3.8 3.5 3.0 2.4 3.2 3.0 3.0 3.3 3.4 4.0 6.0 3.4 137.0 
14 1.8 3.0 3.0 1.8 2.8 4.0 2.8 3.0 3.9 3.3 3.4 3.4 4.0 3.2 3.7 4.0 4.4 128.7 
15 1.1 2.3 3.0 2.4 2.2 4.2 2.8 3.8 4.0 3.1 4.6 4.3 4.0 3.6 3.5 4.5 4.8 129.9 
16 1.4 2.8 1.8 2.1 2.7 2.0 2.5 3.1 2.6 2.0 4.0 1.5 3.6 3.4 3.4 4.3 4.3 117.0 
17 2.1 3.6 2.6 3.3 3.5 3.7 2.3 3.7 3.2 2.8 5.8 5.3 4.7 4.7 3.3 5.3 5.2 151.6 
18 2.0 1.9 3.7 2.7 3.5 3.3 4.4 3.3 3.2 4.3 4.6 3.4 4.2 4.7 4.3 4.5 3.6 141.2 
19 1.6 3.0 3.1 1.8 2.0 3.3 3.9 4.0 4.0 3.9 4.1 4.7 3.8 4.1 4.5 4.7 4.0 140.0 
20 1.6 1.7 2.8 2.2 2.4 4.0 4.6 3.9 5.9 4.4 2.9 3.6 4.0 3.7 3.2 3.7 3.8 142.3 
21 1.1 3.4 3.8 3.5 4.0 3.4 3.1 2.8 4.0 4.4 3.2 4.2 3.6 4.6 3.6 4.4 5.1 lSO.1 
22 3.2 3.8 3.7 4.1 4.7 4.8 4.0 4.0 4.1 4.6 4.0 4.9 3.7 2.2 4.2 4.4 4.4 153.6 
23 2.7 3.2 4.3 5.3 4.6 4.3 3.5 3.7 3.3 4.9 3.3 5.2 3.7 3.9 3.5 4.8 5.5 151. 7 
24 2.6 1.8 3.6 4.7 5.1 4.7 3.0 3.0 5.0 3.5 4.1 3.6 3.9 5.1 3.4 4.9 4.1 149.5 
25 2.4 3.7 3.4 3.8 5.6 4.2 4.8 4.3 4.4 3.9 4.7 5.2 4.3 4.6 4.3 5.0 4.1 150.6 
26 2.0 3.4 3.1 4.1 4.1 5.3 4.6 4.6 4.8 3.2 3.9 4.3 3.8 4.6 5.0 5.5 4.9 155.0 
27 2.3 2.9 4.3 3.9 3.9 4.7 4.1 4.5 3.9 5.1 4.7 4.0 4.0 4.5 4.7 5.0 4.0 148.4 
28 4.2 4.2 4.5 4.0 3.0 4.8 5.9 5.2 4.6 4.4 3.8 4.2 4.9 3.7 4.7 3.9 4.1 155.1 
29 3.8 4.2 3.2 2.0 4.0 4.1 4.6 5.4 4.7 4.9 5.3 4.5 4.1 5.7 4.0 3.5 6.0 154.9 
30 3.7 3.3 3.4 3.0 2.8 5.2 4.3 4.2 4.6 5.1 3.8 4.2 4.0 4.0 5.1 5.1 3.8 153.1 
31 4.2 5.0 4.7 3.6 3.5 4.0 5.5 5.3 4.4 3.4 5.4 4.2 4.7 3.2 4.2 4.4 4.7 149.3 
32 4.0 4.7 3.7 2.7 3.2 5.0 5.3 5.0 4.0 3.7 4.3 3.6 4.5 4.0 4.2 4.4 3.6 155.1 
33 3.6 5 .. 1 4.1 3.5 3.5 5.3 5.1 3.8 3.9 3.0 4.7 4.2 4.0 4.7 3.8 4.9 3.9 162.0 
34 4.3 4.8 4.1 3.2 3.1 2.8 3.3 5.0 3.6 2.9 3.9 4.8 5.7 5.2 3.7 4.5 5.6 155.6 
35 3.0 4.5 4.3 2.8 3.4 2.5 3.3 3.3 4.0 4.3 4.5 5.0 5.0 5.3 7.8 5.0 4.7 149.0 
36 2.8 4.0 5.0 4.9 3.2 2.6 3.6 5.0 4.3 4.4 5.0 5.0 4.1 3.4 3.6 4.0 4.5 161.2 
Total 106.8 124.2 129.1 122.4 132.4 148.6 140.1 140.9 136.9 132.1 150.9 144.9 142.1 153.2 155.6 167.4 161.1 5,269.8 
---
Total sum of squares . 22,542.56 
co 
..... 
01 
'l'ABLE 8. FORAGE YIELD PER BASIC PLOT IN ROW PLANTING IN 1950 (GREEN WEIGHT IN POUNDS}. 
---
-- ---
Row NUMBER 
Range 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
------------------ --
I 1.68 1.85 1.48 1.65 2.45 1.74 1.78 2.23 2.94 1.27 1.57 1.00 1.70 1.70 1.00 1.39 1.71 
2 2.68 2.43 2.43 2.81 2.51 2.84 3.00 1.98 2.79 2.55 2.03 2.31 1.57 2.21 1.80 1.75 1.93 
3 2.85 3.23 2.76 2.99 2.23 2.90 2.74 2.30 2.56 2.84 2.85 2.34 1.65 2.17 2.25 2.95 2.58 
4 2.32 2.49 2.71 3.17 1.95 2.66 2.05 2.20 2.55 2.40 1.65 2.35 1.30 1.38 1.51 1.60 1.32 
5 2.86 2.50 2.54 2.75 2.56 2.94 2.40 2.37 2.99 2.58 1.98 2.10 2.15 2.07 1.85 2.42 2.58 
6 2.62 2.46 3.00 2.83 2.65 2.24 3.02 2.03 3.32 1.55 2.39 1.74 2.17 1.95 2.34 2.77 2.12 
7 2.15 1.78 2.70 2.79 2.75 2.74 2.92 1.57 2.53 1.47 2.62 1.73 2.16 3.15 2.05 2.16 1.92 
8 1.50 2.02 1.62 2.52 2.73 2.39 2.36 2.03 1.63 1.75 1.66 1.62 2.22 2.37 1.70 1.82 2.22 
9 2.38 2.26 2.66 1.99 1.41 2.23 2.26 2.26 2.18 1.38 1.85 1.70 2.15 1.99 2.25 2.13 2.12 
10 2.34 1.85 2.27 2.45 2.72 2.35 2.20 2.23 2.39 1.99 1.87 1.60 2.45 2.09 2.40 2.10 1.82 
11 1.93 2.70 1.91 1.93 1.63 2.45 2.39 2.00 2.24 1.84 1.87 1.50 1.47 2.03 1.27 2.15 1.85 
12 1.86 2.39 1.41 2.56 1.55 2.19 1.75 2.31 1.31 1.83 2.11 1.75 1. 75 1.70 2.36 1.92 1.94 
13 2.08 2.40 1.36 2.98 1.67 2.36 2.62 2.56 2.35 2.05 2.49 2.15 1.72 1.70 1.85 2.18 2.10 
14 1.82 1.90 1.87 1.95 2.28 2.49 1.94 1.77 2.35 2.10 1.51 1.85 1.65 1.97 1.93 1.73 1.50 
15 2.07 1.52 1.50 2.23 1.77 2.05 2.26 1.39 1.94 2.02 1.13 1.31 1.47 2.05 1.65 2.14 2.26 
16 2.14 2.45 3.06 2.71 2.32 2.70 2.34 2.44 2.05 2.42 2.23 2.46 2.33 2.63 1.56 2.14 2.32 
17 2.58 2.23 2.17 2.39 2.37 2.65 2.27 2.77 2.35 2.15 2.56 2.47 2.09 2.58 1.70 1.96 1.92 
18 1.84 2.02 2.56 2.98 2.37 2.40 2.14 2.54 2.25 1.60 1.70 2.27 2.23 2.39 1.41 1.80 2.08 
19 1.89 2.66 1.72 2.62 2.19 2.69 2.35 2.22 1.52 1.09 1.73 2.11 1.57 1.84 1.81 2.62 1.96 
20 1.67 2.23 2.05 2.90 1.82 2.29 2.39 2.27 2.55 1.37 1".41 1.56 2.39 2.68 1.51 2.26 2.14 
21 1.64 1.58 2.01 1.89 2.00 1.66 2.23 2.00 1.79 1.10 2.00 1.58 1.80 1.45 1.52 1.22 2.76 
22 1.00 1.55 1.83 1.99 1.66 1.84 1.95 1.44 1.53 1.20 1.59 1.58 1.43 1.51 1.65 0.88 1.39 
23 1.88 1.56 2.25 1.70 2.03 1.97 1.80 1.74 1.96 1.61 1.37 1.67 1.38 1.49 1.60 1.95 1.86 
24 1.99 1.60 1.70 2.26 1.49 1.96 1.40 1.58 1.85 1.49 1.20 1.65 1.07 1'.59 1.65 2.10 1.55 
25 0.90 1.12 1.54 1.46 1.45 1.70 1.76 1.09 1.33 0.85 1.72 0.85 1.51 1.42 1.60 1.37 1.35 
26 1.55 1.56 1.67 2.03 1.76 1.80 1.56 1.76 1.15 1.11 1.62 1.15 1.25 1.80 1.38 1.78 1.65 
27 1.82 1.86 1.48 1.89 1.75 2.10 1.10 1.80 1.60 1.81 2.06 1.86 1.51 1.93 1.85 1.56 2.00 
28 1.54 1.64 1.51 1.88 1.70 1.70 1.76 1.82 1.71 1.72 1.92 1.99 1.60 1.53 1.94 1.08 1.58 
29 1.64 1.30 1.87 .1.37 1.94 1.87 1.15 1.57 1.49 1.07 1.49 1.62 1.17 1.02 1.20 1.28 0.91 
30 1.88 2.30 1.06 1.87 1.54 1.92 1.44 2.15 2.06 1.70 2.24 1.55 2.26 1.60 1.23 1.70 1.82 
31 1.62 2.34 1.94 2.21 2.25 1.62 2.78 2.18 1.96 1.93 2.02 1.80 1.81 1.65 1.97 1.74 1.61 
32 2.66 2.38 2.58 1.94 1.86 2.30 2.81 2.00 1.42 1.34 1.89 1.40 1.90 1.76 1.98 1.47 2.22 
33 2.37 2.54 2.50 2.13 2.88 2.41 2.41 2.01 2.53 1.94 1.67 2.21 1.76 2.00 1.92 1.98 2.33 
34 2.10 2.60 2.03 2.62 1.72 2.27 2.38 2.10 1.90 2.25 1.84 1.81 1.91 1.77 2.21 1.84 2.09 
35 1.73 2.40 1.71 2.29 2.42 2.27 2.70 2.64 2.18 2.83 1.77 2.71 2.41 2.05 2.64 2.22 1.96 
36 2.20 2.62 2.71 2.11 2.18 2.25 1.41 2.21 1.79 2.49 2.10 1.03 1.69 1.86 2.01 1.91 2.09 
Total 71.78 76.32 74.17 82.84 74.56 80.94 77.82 73.56 75.04 64.69 67.71 64.38 64.65 69.08 64.55 68.07 69.56 
---
18 
1.90 
1.78 
2.14 
2.25 
2.82 
2.68 
2.52 
1.86 
2.10 
2.07 
1.90 
2.10 
1.95 
1.82 
1.70 
2.46 
2.11 
1.90 
2.11 
1.72 
1.48 
1.50 
2.23 
1.51 
1.16 
1.87 
1.76 
1.69 
1.54 
1.94 
2.28 
2.35 
2.30 
1.96 
2.11 
1.90 
71.47 
19 
--
2.00 
1.94 
2.43 
2.23 
2.32 
2.98 
1.82 
2.58 
2.30 
1.92 
2.03 
2.09 
2.07 
1.44 
2.01 
1.38 
1.79 
1.77 
1.65 
1.40 
1.94 
1.60 
1.88 
1.54 
1.25 
1.65 
1.98 
1.88 
1.39 
1.55 
2.08 
2.09 
2.34 
2.05 
2.26 
1.63 
69.26 
-
CA:l 
I-' 
~ 
Range 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
Total 
TABLE 8. FORAGE YIELD PER BASIC PLOT IN ROW PLANTING IN 1950 (GREEN WEIGHT IN POUNDS). 
Row NUMBER 
20 21 22 23 24 25 26 27 28 29 30 I 31 32 33 34 35 36 
2.56 2.41 2.96 2.42 2.43 2.47 2.32 2.76 2.82 2.54 2.77 2.30 2.26 3.37 2.58 2.20 2.63 
2.12 2.95 2.38 3.06 2.82 2.62 2.54 2.90 3.05 2.68 2.79 2.63 2.84 2.80 3.20 2.89 3.06 
2.07 2.33 2.85 . 2.99 3.18 2.57 3.00 2.86 2.86 2.58' 2.75 2.73 2.46 3.04. 3.43 2.44 2.70 
1.70 1.88 2.26 2.08 2.22 2.05 1.62 2.24. 2.10 2.00 2.07 2.91 2.74 1.58 2.55 1.90 2.61 
3.29 2.56 2.22 1.51 2.29 2.05 2.21 2.08 1.84 2.48 2.41 2.21 2.10 2.86 2.67 2.82 2.25 
2.75 2.61 2.62 2.61 2.33 2.49 2.45 2.68 2.74 2.25 2.52 2.50 1.94 3.06 2.43 1.86 2.60 
2.15 1.40 1.85 1.85 1.47 1.50 1.70 1.49 1.94. 2.63 1.80 2.46 1.90 2.22 1.47 1.31 1.66 
1.64 1.50 1.90 1.76 1.85 1.51 1.32 1.86 2.12 2.54 1.60 2.82 1.82 2.04. 2.08 1.68 1.20 
1.82 1.90 1.84 1.94 1.93 1.80 1.89 2.20 1.96 2.40 1.88 2.34 2.00 2.74 1.94 2.26 2.03 
1.75 1.77 1.75 1.84. 1.76 1.67 2.25 1.92 2.74 1.62 1.110 1.70 2.19 1.90 1.66 2.02 1.83 
2.22 1.60 1.93 1.58 1.72 1.66 1.65 2.26 1.92 2.10 2.15 2.40 1.34 1.70 1.70 1.61 1.85 
1.94 2.10 1.98 1.54 1.78 1.59 1.79 2.02 2.10 1.71 2.08 1.37 1.85 1.54 1.76 1.73 2.45 
2.05 1.70 2.01 2.25 2.08 2.11 1.77 2.48 2.39 1.97 1.70 2.32 2.12 2.04 2.36 2.37 1.85 
2.41 1.64 2.16 1.94 1.84 2.19 1.98 2.14 2.21 1.87 1.81 2.09 2.21 2.20 2.00 2.27 2.08 
1.92 1.89 1.72 2.09 1.92 2.35 1.61 1.54 1.48 1.52 2.13 2.52 1.78 1.32 2.32 2.30 2.38 
2.38 2.10 2.08 2.01 1.74 1.82 2.54 1.75 2.06 1.74 2.15 2.12 2.25 1.70 2.22 2.34 2.30 
1. 77 2.06 2.07 1.68 1.83 1.99 2.48 2.06 1.85 1.62 1.61 1.61 1.92 1.86 1.70 2.22 2.00 
1.63 1.48 1.29 1.05 1.76 1.53 1.76 1.64 1.45 1.03 1.62 2.76 2.32 1.66 1.51 1.58 1.14 
1.52 1.50 1.40 1.49 2.01 1.21 1.54 1.33 1.85 1.41 0.75 1.30 0.92 1.10 1.54 0.91 1.27 
1.32 1.44 1.79 1.78 1.88 2.18 1.56 1.83 1.87 1.51 1.90 1.30 1.34 1.60 2.01 1.46 1.47 
1.20 1.40 1.47 1.35 1.43 1.58 1.08 2.16 1.14 1.41 1.34 1.40 0.98 1.60 0.72 1.58 1. 31 
1.38 1.58 1.53 1.60 1.25 1.1!l 1.13 1.18 1.38 1.14 1.00 1.12 1.21 1.32 0.72 1.04. 1.08 
1.91 1.76 1.81 1.77 1.74 1.50 1.40 1.62 1.70 1.44 1.32 1.34 1.38 1.64 1.08 1.67 1.30 
1.70 1.42 1.71 1.65 1.80 1.30 1.14 1.45 1.40 1.50 1.34 1.68 1.70 1.36 1.31 1.26 1.49 
1.51 1.48 1.24 1.08 1.04 1.30 1.06 1.46 1.40 1.24 1.10 1.34 1.35 0.96 1.18 1.46 0.88 
2.01 1.40 1.88 1.58 1.31 1.40 1.40 1.33 1.18 1.18 1.38 1.54 1.00 1.35 1.15 1.26 1.43 
1.58 1.50 1.86 1.33 1.74 1.45 1.74 1.73 1.85 1.63 1.12 1.62 1.42 1.59 1.18 1.38 1.71 
1.49 1.99 2.03 1.25 1.76 1.55 1.70 1.47 1.90 1.95 1.35 1.58 1.44 1.53 1.32 1.12 1.67 
1.86 1.50 1.32 1.46 1.34 1.35 1.29 1.38 1.37 0.88 0.82 1.24 1.05 1.14 1.08 1.19 1.13 
2.08 2.00 1.76 1.70 1.65 1.63 1.94 1.63 2.06 1.30 0.90 1.19 1.51 1.06 1.18 1.04 1.28 
2.33 1.89 1.86 2.10 2.06 1.58 2.06 1.98 1.95 1.84 0.96 1.54 1.39 1.20 1.75 0.91 1.49 
1.60 2.05 1.67 1.50 2.14 1.96 2.46 2.25 2.02 1.86 1.90 1.59 1.47 1.69 1.93 1.26 1.50 
2.89 1.73 1.63 1.81 1.50 1.69 1.49 1.79 1.85 1.63 2.00 1.96 1.32 1.60 1.32 1.25 1.05 
2.49 2.18 1.12 1.70 2.32 1.76 1.74 1.43 1.78 1.71 1.37 1.42 1.40 1.70 1.35 1.06 1.13 
2.24 1.66 1.76 1.98 2.02 1.45 1.68 1.25 1.42 1.30 1.45 1.86 1.48 1.65 1.64 1.57 1.47 
2.13 1.29 1.20 1.23 0.81 0.75 1.50 1.26 1.18 0.74 1.14 0.60 1.26 0.76 1.10 1.06 1.21 
71.41 65.65 66.91 64.56 66.75 62.80 64.79 67.41 68.113 63.04 60.88 67.41 61.66 64.48 63.14 60.28 62.49 
Total sum of squares 
Total 
76.84 
90.67 
95.60 
76.69 
86.63 
89.30 
74.33 
69.84 
74.47 
73.38 
68.48 
68.21 
76.21 
70.91 
67.26 
79.44 
75.44 
67.46 
61.40 
66.85 
56.80 
49.97 
60.31 
56.39 
46.51 
53.88 
60.15 
59.29 
48.29 
59.72 
66.68 
- 69.20 
70.74 
67.11 
71.18 
57.41 
2,463.04 
4,1192.9644 
<;.:) 
,.... 
-l 
TABLE 9. FORAGE YIELD PER BASIC PLOT IN BROADCAST-PLANTING IN 1951 (GREEN WEIGHT IN POUNDS). 
-
Row NUMBER 
Range 
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 
--------------------------------
--
I 2.1 3.2 5.4 4.4 2.6 4.2 4.7 4.3 3.5 4.9 4.6 3.7 3.8 3.7 4.0 4.3 4.1 4.6 
2 3.8 6.2 5.9 6.0 4.4 5.7 4.6 5.3 5.1 5.0 5.4 4.9 4.9 4.1 4.8 4.8 5.0 5.0 
. 3 5.9 5.2 6.7 4.8 5.4 3.8 4.7 4.2. 4.7 5.0 4.4 4.1 5.1 4.7 5.5 4.4 4.9 4.9 
4 4.6 4.7 5.2 4.6 5.0 3.5 4.0 4.7 3.8 3.5 4.7 5.4 5.3 5.1 4.4 4.8 5.1 5.2 
5 4.7 4.5 5.7 4.5 5.3 3.2 4.8 5.1 5.4 5.7 5.5 4.7 5.5 4.0 5.4 4.6 4.2 4.8 
6 5.3 5.9 5.5 5.0 4.4 4.5 3.8 5.4 4.9 5.2 5.4 4.3 5.6 6.3 6.7 5.3 5.8 5.9 
7 5.2 6.3 5.6 5.0 5.0 5.8 6.4 5.7 5.2 4.9 5.6 5.5 5.8 5.7 5.7 5.7 5.3 4.9 
8 6.2 5.0 5.0 5.4 5.3 5.4 6.6 5.8 5.2 5.5 5.8 5.3 5.7 6.5 5.5 6.1 5.4 5.2 
9 4.2 5.5 5.1 5.0 3.8 4.1 5.1 4.3 5.8 4.9 4.3 5.2 5.3 5.2 5.1 4.7 5.3 5.5 
10 5.3 5.9 4.9 5.0 5.6 4.9 6.6 4.9 4.6 5.7 6.0 5.0 5.7 4.9 5.1 4.9 4.7 5.2 
II 4.6 6.5 6.3 5.1 4.7 5.6 5.9 3.7 5.0 5.0 5.5 5.9 5.4 4.8 5.3 4.7 5.1 4.8 
12 5.4 3.8 3.6 4.4 2.5 2.3 2.9 3.2 4.0 3.5 4.2 3.2 3.9 4.8 4.8 5.3 4.7 4.2 
13 6.0 5.7 5.3 5.7 4.2 4.5 5.5· 5.0 5.5 5.7 5.2 5.7 5.5 4.9 5.4 5.3 6.0 4.8 
14 5.0 5.9 5.1 5.2 5.3 5.1 4.8 4.7 5.6 4.7 4.8 4.8 5.0 4.8 4.7 4.8 3.7 5.4 
15 4.9 4.8 5.9 5.0 5.1 3.5 3.8 4.1 4.6 4.9 4.7 5.0 5.1 5.2 5.0 5.3 4.9 4.6 
IG 4.6 6.7 4.8 5.4 5.5 5.1 6.8 G.1 5.1 5.6 5.5 5.0 4.4 4.8 4.4 5.6 4.2 5.3 
17 4.6 5.3 5.4 4.5 4.9 4.8 5.4 5.2 5.4 5.5 5.0 4.7 5.2 4.8 4.9 4.9 4.9 5.0 
18 5.0 6.1 5.2 4.5 4.0 4.5 6.0 4.0 4.3 4.6 5.5 4.3 4.7 5.5 5.3 5.1 4.9 4.9 
19 5. j 4.4 5.0 4.4 5.1 5.9 5.4 5.3 5.2 4.9 5.7 5.3 5.5 4.3 4.8 4.9 4.9 5.4 
20 3.9 5.0 5.0 5.4 3.6 5.0 3.8 4.3 4.6 4.8 4.0 4.1 4.8 4.8 5.4 5.2 4.3 4.0 
21 6.0 5.2 5.0 a.O 4.8 5.3 5.2 5.0 4.5 5.4 5.8 4.9 5.0 4.5 5.4 5.4 4.5 5.2 
22 5.9 G.4 5.3 6.3 5.0 5.8 5.0 4.4 4.5 5.5 5.6 5.4 5.7 5.1 5.3 4.5 4.7 4.6 
23 5.2 5.8 5.7 4.9 4.9 4.6 5.9 4.8 4.9 4.5 6.1 5.1 4.5 5.3 4.1 5.2 5.4 5.1 
24 4.6 4.2 6.0 4.0 4.8 4.2 4.5 4.9 5.6 4.6 4.6 4.6 5.1 4.5 6.1 5.4 5.0 4.8 
25 5.0 5.6 5.3 5.4 4.1 4.8 5.4 5.1 6.1 5.2 5.6 5.4 4.9 5.1 5.8 4.6 5.0 5.0 
26 5.2 5.6 4.7 4.6 4.4 5.1 4.7 5.0 4.8 5.2 4.8 5.3 5.7 5.3 5.3 4.9 5.2 4.4 
27 4.1 5.6 5.5 5.4 4.9 4.6 4.0 5.6 6.0 4.6 5.0 5.0 4.2 5.4 5.1 5.5 4.8 4.7 
28 4.0 5.3 5.0 4.4 5.0 5.2 4.3 5.5 4.3 5.6 5.3 4.6 6.1 5.1 4.9 5.0 4.8 5.5 
29 5.4 5.0 5.4 5.2 4.2 5.4 5.8 5.3 5.5 4.G 5.6 5.0 5.1 6.3 5.2 5.1 6.0 4.6 
30 5.5 5.4 4.7 6.8 4.9 5.0 4.6 4.1 4.9 5.5 5.5 5.3 4.0 4.8 5.7 5.1 5.0 4.8 
31 4.5 4.8 5.5 5.6 4.2 5.7 6.1 4.2 5.4 6.2 5.0 5.6 4.9 4.9 5.3 4.9 5.7 5.2 
32 5.3 G.9 5.6 5.0 6.2 5.1 6.0 5.2 5.2 5.8. 4.5 4.5 5.2 5.7 5.6 5.3 5.2 5.0 
33 5.6 5.6 5.3 4.8 4.1 5.0 5.7 5.4 5.7 5.4 5.8 4.9 7.1 5.1 5.4 5.7 5.5 5.8 
34 5.6 5.3 4.3 4.4 4.6 5.4 5.7 4.9 4.6 4.7 6.8 6.8 5.1 4.4 5.1 5.7 5.2 5.5 
35 5.0 5.3 5.4 6.0 3.1 3.6 4.9 5.7 5.8 5.5 5.5 5.8 7.3 5.5 6.5 5.0 4.8 4.6 
36 4.9 4.4 6.1 5.0 4.3 5.8 4.5 3.4 2.6 4.8 5.1 4.1 5.5 5.8 5.8 4.5 5.3 4.5 
Total 178.2 193.0 191.4 182.1 165.2 172.0 183.9 173.8 177.9 182.6 188.4 178.4 187.6 181.7 188.8 182.5 179.5 178.9 
-
- -----
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5.1 
6.5 
5.5 
5.1 
6.1 
5.5 
5.1 
5.4 
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4.7 
4.7 
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4.5 
5.1 
5.1 
6.3 
5.1 
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5.1 
6.6 
4.8 
4.5 
5.2 
5.6 
5.5 
6.1 
5.5 
5.4 
5.4 
4.7 
193.9 
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TABLE 9. FORAGE YIELD PER BASIC PLOT IN BROADCAST-PLANTING IN 1951 (GREE:-I" WEIGHT IN POUNDS). 
Row NUMllER 
Range Total 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
--------------------
----------
I 4.3 3.7 4.4 3.5 5.4 4.6 3.7 2.8 4.3 4.6 4.4 4.1 4.5 3.4 5.6 5.4 5.2 150.5 
2 5.7 5.2 5.8 4.8 5.1 5.7 6.1 5.5 5.0 5.7 5.5 5.3 5.6 6.3 4.7 5.0 6.0 189.5 
3 5.7 5.1 5.8 4.9 6.0 5.5 6.1 6.2 4.9 4.7 5.1 5.2 5.4 5.2 6.6 5.4 4.9 187.2 
4 4.6 5.9 5.4 5.6 5.4 6.1 5.2 6.0 4.8 5.3 5.8 4.9 4.8 4.7 4.5 4.1 5.3 177.1 
5 5.8 6.1 5.6 0.1 5.7 0.2 7.2 5.6 5.7 5.8 5.4 6.7 5.0 0.0 0.1 5.7 5.1 193.9 
"6 6.4 5.0 5.2 5.0 5.7 6.5 5.7 6.5 5.5 5.7 6.2 5.8 6.5 5.7 5.7 5.7 5.3 198.8 
7 6.1 4.8 5.0 5.5 6.4 6.8 6.1 5.7 6.3 5.2 6.2 5.5 5.7 5.9 6.0 5.S 5.8 202.9 
8 5.9 6.6 6.1 5.9 6.1 6.1 5.1 7.0 5.2 6.2 5.7 5.3 6.2 5.1 4.6 4.6 5.8 204.5 
9 5.8 4.9 5.1 5.5 5.3 4.0 5.2 5.0 5.0 5.2 5.0 5.4 4.4 4.9 5.0 4.7 4.9 179.2 
10 5.4 5.9 5.6 5.0 5.2 5.5 5.2 4.8 4.4 4.0 5.0 5.6 4.9 5.5 4.7 4.6 5.3 186.6 
11 6.0 5.4 5.4 6.0 6.8 5.6 5.0 5.8 4.7 4.5 5.0 5.2 5.1 5.1 5.0 4.4 4.7 189.0 
12 4.1 5.0 4.6 5.3 4.0 4.3 4.9 4.8 4.1 4.9 4.4 4.8 4.6 4.1 4.6 4.0 4.4 153.5 
13 4.8 5.5 5.5 5.6 5.0 6.5 5.7 5.7 5.1 4.6 4.9 5.9 5.0 5.8 5.3 4.8 5.3 191.9 
14 5.4 5.2 5.6 5.3 5.9 5.7 6.0 5.9 5.2 5.4 5.3 5.3 5.0 4.9 4.5 5.5 5.0 187.0 
15 5.1 5.8 5.0 4.8 .';.6 5.3 6.1 5.0 5.0 5.2 5.6 5.1 5.5 5.9 5.5 4.3 3.5 180.1 
16 5.0 4.5 5.0 5.5 6.5 5.5 5.5 5.7 5.5 5.7 5.6 5.8 5.9 5.5 5.5 5.2 4.4 192.5 
17 5.5 5.2 5.1 5.7 5.7 6.2 5.6 4.9 5.0 4.9 5.2 4.8 5.0 5.7 4.7 5.4 4.5 184.2 
18 5.0 4.7 ILl 5.1 5.7 4.9 5.7 4.8 4.9 4.6 4.9 4.9 6.3 5.1 5.1 5.0 4.8 181.5 
19 6.5 5.1 4.5 5.4 4.8 5.7 5.0 4.8 4.4 5.1 4.7 4.7 3.9 5.2 4.7 4.6 4.2 179.3 
20 4.5 4.0 5.0 4.4 5.0 4.6 4.5 4.4 3.9 4.S 4.5 4.1 4.5 3.7 4.1 4.1 4.5 161.4 
21 4.9 5.3 5.1 5.6 6.4 5.5 6.1 5.3 4.9 5.3 5.1 4.9 5.1 5.4 5.5 4.8 4.7 187.1 
22 5.0 4.6 5.0 5.3 6.0 5.7 4.1 5.3 5.7 5.4 5.0 5.1 4.8 4.8 4.8 4.2 4.8 186.9 
23 5.7 5.5 5.6 4.7 5.1 4.7 5.8 4.9 5.2 5.5 5.2 4.8 4.7 4.9 5.5 5.7 5.1 185.7 
24 4.9 5.9 5.1 5.5 5.3 6.4 6.0 5.6 5.5 5.2 5.7 5.6 5.4 4.9 5.2 4.5 5.1 185.1 
25 5.7 5.2 4.8 5.2 6.0 5.4 5.7 5.5 4.8 5.2 4.6 4.9 4.3 5.5 4.6 4.5 4.0 184.4 
26 5.2 5.4 6.0 0.0 6.2 5.6 5.3 6.1 5.5 5.3 4.9 4.3 5.3 4.5 4.7 4.5 4.6 186.2 
27 5.2 4.9 5.0 5.6 6.1 5.3 5.5 5.1 5.3 5.6 5.0 4.9 4.8 5.4 5.1 4.3 4.5 182.4 
28 .';.2 4.7 4.9 5.0 4.7 5.1 4.4 5.3 4.9 4.4 5.0 5.9 5.3 4.2 5.0 3.8 3.7 175.9 
29 5.3 6.0 5.9 5.6 6.3 5.5 6.3 5.4 4.4 5.1 5.7 4.8 5.9 5.7 5.3 4.4 4.7 192.2 
30 5.2 5.3 4.5 6.1 5.2 5.4 5.7 5.1 5.5 5.6 6.0 5.6 5.2 5.3 4.9 4.3 5.9 188.0 
31 5.3 4.7 5.4 5.1 6.0 6.2 4.8 5.5 4.4 5.5 5.3 4.6 5.0 4.9 4.8 4.3 4.1 185.1 
32 5.5 5.0 .5.8 5.7 5.0 4.9 5.0 5.8 5.5 5.8 5.3 7.4 5.6 3.9 4.6 4.9 4.5 194.2 
33 5.0 5.4 4.0 5.3 5.5 5.5 5.7 5.6 4.3 4.0 5.4 5.9 3.7 5.5 4.4 4.6 4.0 187.8 
34 5.6 5.6 4.9 5.9 4.8 6.1 4.8 5.5 4.5 5.9 5.3 5.3 5.3 " 5.7 5.0 4.7 4.9 189.3 
35 5.3 5.9 4.9 5.7 5.3 5.3 5.3 4.8 4.7 4.3 4.5 5.8 5.9 5.3 5.2 3.9 4.3 187.1 
36 4.4 4.9 4.6 4.3 4.7 4.4 4.5 4.5 3.1 4.6 6.1 5.2 4.1 3.0 3.6 4.5 3.3 164.9 
Total 192.2 188.5 187.3 191.5 200.5 198.3 194.6 192.2 177.1 184.5 188.5 189.4 184.2 182.6 180.7 169.9 171.1 6,632.9 
-
-'-
Total sum of squares 34,528.55 
~ 
...... 
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